Abstract-Considering the situation with the same dimension but different structure in driven system and response system, a new kind of robust adaptive synchronization controller is designed based on the Lyapunov stability theorem . Both the unknown parameters and uncertain functions are considered and an adaptive turning law is constructed to handle the unknown parameters and a robust control law is adopted to deal with the uncertain functions in the system. At last, a four dimension chaotic system is taken as an example to testify the rightness of the proposed method. And numerical simulation result shows that the proposed method can realize the synchronization between driven chaotic system and response system with unknown parameters and uncertain nonlinear functions.
I. INTRODUCTION
Chaos systems have complex dynamical behaviors that possess some special features such as being extremely sensitive to tiny variations of initial conditions, and having bounded trajectories with a positive leading Lyapunov exponent and so on [1] [2] [3] [4] [5] [6] [7] [8] . Synchronization of chaos systems with unknown parameters is investigated widely by researchers from various fields.
M.T. Yassen [9] used Lyapunov stability theorem and adaptive control method to realize synchronization between chaotic systems with unknown parameters, and the situation considered is a new kind of chaotic system with the same structure in driven system as its of response system. Rizk Yassen [10] and Qiang Jia [11] also researched synchronization problem with the uncertain parameters in chaotic system and designed an adaptive controller, but it is mostly based on the situation with linear parameters uncertainties.
Rongwei Guo [12] designed a kind of simple nonlinear adaptive feedback synchronization controller with LaSalle theorem. The synchronization of two chaotic system is realized by this new and novel method, but it did not consider the situation of any uncertainty . Also the chaotic system is acquired to satisfy a global Lipscitz conditions.
In fact, input uncertainties usually exist in actual control systems, especially, unknown control direction is an special complex input certainty. but the situations of chaos systems with input uncertainties are neglected in most papers .
Among all methods proposed to solve synchronization problem of chaotic systems [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , most of these researches are based on the situation that there only exist static uncertainties between driver system and response system. So the unmodelled dynamics of synchronization between chaotic system with different structure are seldom considered, especially for the situation that there exist static uncertainties and unknown parameters and dynamic uncertainties simultaneously. But it is very possible for the actual system that driven systems have different structure with response systems, or parameters may be changed unexpected because of the disturbance of environment , or the system model is inevitably inaccurate because of the dynamic uncertainties. The above situations are more possible to happen when synchronization of chaotic systems are used in the application of secure communication. So it is meaningful to study the synchronization of chaotic systems with both static uncertainties and dynamic uncertainties.
Considering the situation that the driven system and response system have different structure, the synchronization problem of chaotic system was researched with totally unknown parameters both in the response system and in the driven system. But the uncertain nonlinear function situation was neglected . Based on the Lyapunov stability theorem and LMI method, Ju H. Park designed a new feedback synchronization controller for a class of chaotic system with the same structure between driven system and response system.
In this paper, a general kind of chaotic system with the same dimension but different structure is studied and both the driven system and response system contains unknown parameters and unknown nonlinear functions. A new kind of robust adaptive synchronization controller is designed based on the Lyapunov stability theorem and robust and adaptive method. Also, the numerical simulation is done and simulation results testifies the effectiveness of the proposed method.
II. PROBLEM DESCRIPTION
Considering the following driven system and response system, the response system has unknown parameters and the driven system has both unknown parameters and uncertain nonlinear functions as follows.
The driven system can be written as
The response system can be described as 
Take a four dimension system as an example, it can be expanded as follows.
The driven system can be expanded as
And the response system can be expanded as 
III. ASSUMPTIONS
It is necessary to give the following typical assumptions to make the analysis of the system more convenient.
Assumption 1:
The driven system and response system have the same structure and it means that they also have the same dimension and xi
Assumption 2: The structure of some part of the driven system is known, it means , xij xi F f is known. 
The control i u is designed as So the synchronization problem of chaotic system with multi-unknown parameters and uncertain functions are solved.
V. SIMULATION RESULTS
Take the below super chaotic system as an example, it can be described as follows: As fig 5 to 8 shows, the driven chaotic system can not synchronize with response system without control. And the above figures(fig 13,14 ,15,16) shows that the synchronization error can be controlled into a small field near 0 . So the synchronization controller designed in this paper is effective and efficient.
V. CONCLUSIONS
A robust adaptive controller is designed to solve the synchronization problem of a general kind of chaotic system with both unknown parameters and uncertain functions in driven system and response system. An adaptive turning law is constructed to handle the unknown parameters and a robust control law is adopted to deal with the uncertain functions in the system. Detailed numerical simulation is done to testify the adaptive synchronization strategy and simulation results shows that the synchronization can be realized without needing all accurate information of the driven and response system. So this adaptive synchronization controller is robust and it is an big advantage that is benefit to the engineering application.
